The is the authors' accepted manuscript of an article that appears in its final definitive form by Cambridge University Press, in where the recommendation was specific for WG or 'Secondary', where recommendations 25 were made in order to achieve another (primary) target, most often dietary fibre intake. 
for mentions of WG to assess the extent, rationale and diversity in emphasis and wording of 23 any recommendations. If present, recommendations were classified as either 'Primary', 24
where the recommendation was specific for WG or 'Secondary', where recommendations 25 were made in order to achieve another (primary) target, most often dietary fibre intake. 26 127 organisations were screened, including government, non-governmental organisations, charities 27 and professional bodies, the WHO and EFSA, of which 49 including WHO provide a WG intake 28 recommendation. Recommendations ranged from 'specific' with specified target amounts 29 (e.g. xg WG/day); 'semi-quantitative' where intake was linked to intake of 30 cereal/carbohydrate foods with proportions of WG suggested (e.g. x servings of cereals of 31 which y servings should be WG); to 'non-specific' based on 'eating more' WG or 'choosing 32
Introduction 39
Cereals are the dominant source of carbohydrate in the diet worldwide and are significant 40 contributors to protein intake in some countries where alternative crops and animal sources 41 are not viable, or are not consumed on religious grounds. Global cereal production 42 approached 2,525 million tonnes in 2014, of which wheat (28%) and rice (20%) accounted 43 for approximately half of total production (1) . Cereals require processing before 44 consumption, either by cooking intact kernels or by milling and fractionation to produce 45 flours. Since the development of the roller milling process the tendency has been for the 46 majority of cereals to be processed into (refined) flours by removing the outer layers of the 47 kernel and the germ. As a result, consumption of whole grains and/or wholemeal flours has 48 declined in many industrialised countries to the detriment of a more healthy diet pattern. 49
Recent evidence points to the benefits of consuming whole grains which are associated with 50 lowered risk of several non-communicable diseases including type 2 diabetes, 51 cardiovascular diseases and some cancers. However, in many countries whole grain intake 52 is low despite efforts to promote their consumption by industry and government agencies. 53
Reasons for low intake are complex but may include low consumer preference, lack of 54 available products, cost differential between whole-grain and refined-grain products, and 55 lack of awareness of whole grains. Increasing intake of whole grains requires a concerted 56 effort from health agencies and industry to standardise definitions of whole grains and 57 whole-grain foods and to promote their consumption more effectively, including through 58 national health initiatives. 59
Composition of Cereals 60
Cereals are plants of the Gramineae family of grasses and their seeds (grains) are 61 characterised by their similarity in anatomical structure (see Figure 1 for diagram of a wheat 62 kernel), although not their overall chemical composition. Some so-called pseudo cereals are 63 also included in the grain category because their structure is similar to true grains. Cereal 64 grains have three principle anatomical components each related to their function within the 65 seed, and each with unique composition which affects the overall nutritional value of the 66 different grain species. The bran is a multi-layered structure, the natural, tough protection 67 of the seed beneath. There are several distinct layers including the pericarp and aleurone 68 layers each further sub-divided. These layers can be removed with great precision in 69 modern milling methods; removal of each layer affects the nutrient profile of the fractions, 70 especially dietary fibre(s), some vitamins and minerals and phytochemicals. The bran layers 71 are also a principle source of phytochemicals and contribute to the antioxidant potential of 72 grain. The biggest part of the grain is the endosperm which comprises from about 60% up 73 to almost 85% of the cereal grain dry weight, depending on species. Nutritionally the 74 endosperm is mainly carbohydrate in the form of starches with smaller amounts of 75 oligosaccharides such as fructans. Protein is found in the extracellular matrix, and there are 76 some B vitamins in particular pantothenic acid and riboflavin. The germ is the smallest 77 fraction of the grain at about 2.5% of the grain weight. The germ is the growing part of the 78 seed and it has a high lipid and protein content, with minerals such as potassium, calcium, 79 magnesium and zinc, and both water-and fat-soluble vitamins including vitamin A, 80 tocopherols and tocotrienols. 81
Definition of whole grain 82
Various definitions of whole grain have been suggested, largely based on a definition 83 proposed by the AACC International; "whole grains consist of the intact, ground, cracked or 84 flaked caryopsis (kernel) after the removal of inedible parts such as the hull and husk. The 85 principal anatomical components -the starchy endosperm, germ and bran -are present in 86 the same relative proportions as they exist in the intact kernel". A similar definition is 87
proposed by the European HEALTHGRAIN Forum for adoption in the EU (2) . Each definition 88 recognises that in modern milling processes the anatomical components of the grain are 89 fractionated during milling but can be re-combined to produce a wholemeal flour which 90 contains all three components of the grain in the same relative proportions as the intact 91 grain. No distinction is made between the nutritional value of such recombined flours 92 compared with traditional stone-ground flours where the grains are crushed without 93 separation of the component fractions. The HEALTHGRAIN definition also recognises that 94 some parts of the grain, especially the outermost layers, are deliberately removed during 95 processing to cleanse potentially contaminated parts of the husk and outer bran. The FDA 96 has issued draft guidelines for the food industry for use in identifying whole grains and in 97 the use of different labelling terms to provide factual information on their products (3) .with the remainder contributed by those containing between 10% and 25% whole grain (11) . 130
In the analysis of the secular trend in whole grain intake in adults Thane et al. (12) again 131
showed that foods with <51% whole grain content are important contributors to whole 132 grain intake, providing 18% of overall whole grain intake in the 1986-7 survey and 27% in 133 2000-1. If a cut-off point of 25% rather than 10% whole grain content was used whole grain 134 intake would have been underestimated by 6% in 1986-7 and by 10% in 2000-1. Choosing 135 an appropriate cut-off value also has important implications for public health and industry. 136
There is an understandable concern that defining products with <25% whole grain as whole-137 grain foods may include foods with undesirable nutrient profiles which would be 138 detrimental to population health. There are obvious consequences for recommendations 139 for whole grain intake. 140
Whole grain intake levels 141
Consumption of whole grain varies greatly between countries and cultures, with some 142 countries maintaining a more traditional dietary pattern in which wholegrain foods 143 dominate compared with more recent processed refined grain alternatives. Determining 144 whole grain intake in populations has been problematic for a number of reasons: (1) in 145 many studies, whole grain intake was determined more than 25 years ago when the number 146 of whole-grain foods available for purchase was much lower than currently; (2) the majority 147 of data on whole grain intake has traditionally been derived from North American 148 population-based studies which may not be nationally representative in which food intake is 149 calculated from food frequency questionnaires (FFQ) mostly not originally designed for this 150 purpose; (3) the number and descriptor of the foods included in FFQ is limited; (4) the 151 percentage of whole grain content used to define the whole-grain foods included in 152 analyses varies between 10 and 51%; (5) there is no standardisation of portion/serving sizes 153 used when calculating intake, and (6) in many countries there is no standard list of the 154 actual whole grain content of the majority of foods as this is not a standard component of 155 food tables. Data on foods in the US are now publicly available through the US Department 156 of Agriculture Food Patterns Equivalents Database (13) and recently the whole grain content 157 of foods in Australia has been published (14) . No similar databases are currently available for 158
European or Asian populations. On balance, it is likely that whole grain intake is probably 159 higher than originally reported, and this needs to be reinvestigated. 160
Available studies, however, universally reveal low levels of consumption in North Americans 161 and most Europeans ( Table 1) . Much of the data are quite old, and the availability and 162 range of whole-grain foods in the marketplace has changed considerably in recent years. 163
Overall, however, the results suggest that whole-grain intake has not changed much over 164 time except where specific public health campaigns have taken place such as in Denmark 165 (Mejborn et al., 2013) . The majority of published data are reported at a population level i.e. 166 they are median/mean values for the whole population including consumers and non-167 consumers in the calculations. Intake data from observational studies may be reported by 168 quartiles or quintiles of intake adding to the complexity of comparison with population data. 169
In some of the first results published less than 20% of the 38 740 postmenopausal women 170 participating in the Iowa Women's Health Study consumed 3 or more servings of whole-171 grain foods per day (15) . Similar consumption levels were reported in another American 172 cohort of 38-63 year old females in the Nurses' Health Study (16) . Analysing food 173 consumption data from the Market Research Corporation of America, Albertson and 174 Tobelmann (17) found that 90% of those under 19 years old and 73% of those aged over 19 175 years reported less than one whole grain eating occasion per day. In the UK, more recent 176 data (but also more than 15 years old) from the National Diet and Nutrition Survey (NDNS) 177
showed that median whole grain intake was less than 1 serving per day, over 97% of adults 178 and young people under 18 years old did not achieve 48g/day and more than 30% of 179 individuals consumed no whole grain at all (11; 12) . The most up to date data for the UK, from 180 the first three years of the NDNS Rolling Programme for 2008/9-2010-11, show that 181 although intake has increased slightly since 2001, intake remains low, and 20% of the 182 population still consume no whole grains (18) . Similar low intake levels were found for those 183 over 65 years of age by Lang et al. (19) , and in older women from the Iowa Women's Health 184
Study mean intake was again lower, ranging between 1.8 (SD 1.1) serves per week in the 185 lowest quintile to 25.7 (SD 7.5) serves per week in the highest quintile. 186
Whole grain intake in Northern European countries is higher than in most other countries, 187 particularly other European nations and the American continent. Whole-grain food and 188 whole grain intake estimates across the Scandinavian countries have recently been reported 189 by Kyro et al. (20) . The study population of 8702 adults was from the HELGA cohort study on 190 'Nordic health and whole grain food' randomly selected as a subset from the three Food Safety Authority (EFSA) not to approve a whole grain health claim on the grounds that 211 whole grain was 'insufficiently characterized' (25) . A particular issue in this context is the use 212 of the term 'whole grain' to encompass all the grains; applications for health claims were 213 not specific to individual grains (i.e. wholegrain wheat or wholegrain rye). This is similar to 214 the use of 'fruit and vegetables' where dietary recommendations are for the most part 215 based on the whole food group with few countries specifying relative amounts of fruits and 216 vegetables, and none specifying specific amounts of individual fruits or vegetables. In 217 Southeast Asia, only Singapore permits the use of a health claim relating whole grains and 218 reduction of risk of heart disease and some types of cancers (26) . 219
Food-based dietary guidelines
Most countries have developed food-based dietary guidelines (FBDG) appropriate for their 221 population, recognizing that these have become an accepted tool for promoting appropriate 222 dietary patterns. These guidelines are often a set of positive messages that cover the whole 223 range of food and nutrition issues, from importance of consuming a variety of foods to 224 guidance on specific food groups, messages to encourage physical activities, consuming safe 225 food and beverages and making effective use of nutrition information on food labels. The 226 topics included in national FBDG and approaches to presentation of these messages differ 227 widely across the countries. 8. FBDG should focus on the diet-disease relationships of particular relevance to the 240 specific population and should be developed using a multi-disciplinary approach. 241 FBDG should be policy recommendations based on the best available scientific evidence; the 242 principles suggested by EFSA imply that they should be appropriate for the region or country 243 for which they are intended and, importantly, they should be practical to implement. EFSA 244 state that they should be consistent, easily understood and easily memorable. 245
Current whole grain dietary recommendations 246
Many dietary guidelines have recommendations for specific food items, for example cereal-247 based products, fruits and vegetables, milk and dairy products, legumes. Less frequently 248 whole grains are included, but the extent to which they occur is unknown. Therefore, we (Table 2 ). Recommendations were variable and inconsistent and fell into three categories as 260 shown in Table 3 ; specific recommendations where a target daily amount was specified; In these systems no distinction is made between cereal types and whole grains are not 286 generally specified. The Harvard Healthy Eating Pyramid (29) suggests the consumption of 287 wholegrain foods (at most meals) and the Iberoamerican Nutrition Foundation (FINUT) has 288 recently proposed a three-dimensional food and lifestyle pyramid which has 'cereal and 289 cereal products >50% wholegrain' as the second tier of the pyramid, also acknowledging the 290 importance of this food category (30) . Food guides are broadly similar in their overall 291 approach to promote a diet based on eating more fruits, vegetables, legumes, and whole 292 grains, eating less added sugar and saturated fat, and using plant oils.
Comparison between 293 different food guides including the USDA's MyPyramid and the Harvard Healthy Eating 294
Pyramid showed that nutrient intakes derived from the guides were similar despite the 295 different foods suggested in each plan (31) . 296
In addition to being a key source of energy, protein, micronutrients and phytochemicals to 297 the diet, whole-grain cereals are an important source of different dietary fibres. Increased 298 consumption of whole grains improves the overall quality of the diet and in particular is a 299 good way to increase dietary fibre intake which in many countries is lower than 300 recommendations. The fact that fibre consumption remains low, in parallel with low intake 301 of whole grains in most countries, suggests that this approach has not been successful and 302 new strategies are needed to improve this deficit (32) . As an example, the Danish dietary 303 recommendation is based on modelling of dietary intake assuming that targets for fruit and 304 Within the scientific community there is broad consensus on the health benefits of 312 consuming whole grains, but this has not translated into consistent health messages and 313 dietary recommendations. The wide range of dietary recommendations found in this 314 investigation, and the lack of recommendations in many countries should be addressed; 315 where possible, countries without whole grain recommendations should be encouraged to 316 incorporate them into dietary guidelines. In our opinion this is best achieved through the 317 development of a science-based consensus or expert opinion on whole grain 318 recommendations with a global reach. Such an expert opinion should consider the totality 319 of available scientific evidence to address the following: 320  Whether a global standard definition for whole grain and wholegrain food can be 321 adopted; 322  Whether a global whole grain intake recommendation is possible; 323  Whether a whole grain recommendation should be generic, or whether a 324 recommendation should be based on a specific grain type, e.g. wholegrain wheat or 325 wholegrain rye; 326  Whether a whole grain recommendation should be quantitative or generic, e.g. 327
'consume x grams of whole grain' or 'eat more whole grains'; 328
The purpose of the developed recommendation would be to guide health policies and raise 329 consumer awareness of whole grains in order to change peoples' diets to derive a greater 330 proportion of dietary energy from cereal foods which provide dietary fibre and associated 331 micronutrients and phytochemicals that are lost in the refining process. A greater 332 harmonisation in approach would not only aid health professionals develop strategies to 333 increase whole grain consumption, but would encourage and enable food manufacturers to 334 develop healthy and affordable products containing whole grains. 335
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